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l. Introduction 


In temperate regions the duration of the life history of collembolans usually is two to 
twelve months (CHRISTIANSEN 1964, Hare 1965, Joosse 1969). Springtails from areas with 
extended periods of subzero temperatures are generally assumed to also have prolonged life 
histories from one to seven years (BELLINGER 1954, Hate 1967, UsHER 1970, BUTCHER et al. 
1971, Appison 1975 & 1981, FJELLBERG 1975, Burn 1981). There is no winter growth or 
recruitment (SrREBEL 1932, Appison 1975 & 1981, Hunta & MikkoNEN 1982). Even in 
temperate areas no growth is seen during winter (Heatey 1967, Joosse 1969, JoossE 
& VgrLTKAMP 1970, Nrima 1975, Lerxaas 1983, Mertens ef al. 1982). As with all generali- 
ties, there are exceptions — Tetracanthella sylvatica Yosu and Isotoma notabilis (TvLLB.) 
of Japan (Takepa 1976, 1978), and subantaretie Cryptopygus antarcticus WILLEM [Brock 
1982] all display some growth and/or development at around 0°C. Low temperatures may 
also bring about other phenomena, such as cold resistance (AGRELL 1941, BErLLINGER 1954, 
Bercuer etal. 1971, ZETTEL 1983), and ecomorphosis (CHRISTIANSEN 1964, FJELLBERG 
1978a, 1979, ZETTEL 1983). As well, many collembolans are assumed to retreat further into 
the litter and/or soil to avoid temperature and humidity extremes (AcnELL 1940 & 1941, 
Drirt 1951, Mitne 1962, KACZMAREK 1963, CHRISTIANSEN 1964, Dowpy 1965, Hare 1967, 
Appisox 1975, Takena 1976, 1978). Thus temperate regions, such as southern Manitoba 
with strongly continental climate and five to six months of snow cover, seem to show pro- 
longed developmental periods in collembolan species. 

The presence of snow cover moderates the microenvironment of the collembolans drama- 
tically (BELLINGER 1954, Persson & Loum 1977, Arrcuison 1978 & 1979, Lerxass 1978 
& 1983), so that in southern Canada the subnivean (under the snow) temperature rarely 
drops below —8 °C (Arrcutson 1978, 1979). The mean annual temperature of southern Mani- 
toba is +2.2°C, with extremes from —35°C during winter to +35 °C during summer and 
with rapid seasonal temperature changes in spring and autumn (Winnipeg Meteorological Of- 
fice). Consequently the determination of the phenological relationships of collembolan species 
from such an area should identify those effects related to the climate. Life histories of win- 
ter-active spiders are prolonged by the low mean annual temperature ( Arrcuisox in press). 


In this study WINTER is defined as that period of low temperatures with snow cover, Novem- 
ber to mid-April; SPRING usually refers to the period of mid-April until the end of May. SUMMER 
extends from June to the end of August; and AUTUMN is September and October. WINTER- 
ACTIVE means locomotory activity during winter by any individual of a species at temperatures of 
2 °C or lower. The collembolan “life forms" of Gisry (1943), modified by CungisTIANSEN (1964) and 
Warrwonk (1970), are used in this study as follows: EUEDAPHIC refers to animals in deep soil 
layers, with short antennae, very small or no eyes and no pigment, except possibly in the eyes: 
HEMIEDAPHIC is defined as being in the litter, with moderately long antennae and well-developed 
pigmentation; and EPEDAPHIC refers to animals on the surface of the litter, with long antennae 
and eight eyes. LITTER consists of loose, dry leaves and organic matter, while HUMUS is partially 
decomposed organic matter. RECRUITMENT refers to natality. 

The objectives of this study were to ascertain (1) the number of generations per year for each col- 
lembolan species in south central Canada; (2) the size classes of overwintering species; (3) the dura- 
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Fig. 1. Meteorological date from June, 1979, to November, 1981, giving the minimum-maximum air temperatures (vertical lines) for every 
other day, the air temperature at the time of collection (solid line) and the mean soils surface of subnivean temperature (dashed line); in 
addition the duration of snow cover and its thickness are shown. 


tion of the life histories; (4) the winter-active species; (5) the seasonal changes in vertical distribution 
of these species; and (6) the overwintering sites. Since no similar study has been found in North 
America at this latitude, this study will add to the information on collembolan life histories. 


2. Site and methods 


The study site consisted of a mixture of aspen-bur oak woods (Populus tremuloides-Quercus 
macrocarpa) and long grass prairie in the limited access grounds of Canada Cement Lafarge Company, 
Fort Whyte, Manitoba, Canada (49°49’ N, 97?13'30" W). 

Since pitfall sampling is a good method to study collembolan phenology (Joosse 1965), three 
transects of pitfall traps were established in the study area. One transect of eight traps was located 
in the wood and another in a small damp meadow, while a third transect of four traps was placed 
in an ecotone area between the wood and a marshy area. The trap consisted of an inner plastic cup 
(2 1 em, height 8 cm) containing a mixture of ethylene glycol and water, within an outer cup (J 
8 cm, height 12.5 em) having its upper lip level with the soil surface. During the winter this was 
covered by a wooden ring and lid to exclude snow (Arrcursox 1979). Traps were 10 m apart in the 
wood and in the meadow and 5 m apart in the ecotone area. 

Sampling of the pitfall traps was done every two weeks from April, 1979, until the end of October, 
1981, except from late autumn until December, and from March until just after snowmelt, when it 
was done weekly. The thickness of the snow cover, the mean soil surface temperatures and ambient 
air temperatures (Fig. 1) were noted at the times of collection by radiotelemetric devices and long- 
stemmed thermometers, using methods described previously (Arreuisox 1978). Specimens were 
transfered to vials of ethylene glycol with a brush. 

Two quadrat samples (25 em x 25 em) of litter and two core samples (Z 9 em, depth 5 cm) per 
site were collected monthly from October, 1980, until October, 1981, and placed in modified Mac- 
fadven funnels (MacrapvEN 1961) for extraction to approximate the seasonal densities of species 
on the soil surface and in the soil layers. Two layers of soil were sampled, 0—2.5 em and 2.5—5 em 
deep. Sweeping of undergrowth in the meadow and beating of bushes in the wood were also done 
in snow-free periods. Vacuuming of tree trunks in early and late summer of 1983 produced no spe- 
cimens, perhaps due to extreme heat and drought. 

Samples were run through a coarse filter, washed with distilled water, specimens stored in 70°, 
ethanol and identified to species level if possible. IX. A. CuyasriaNsEN (Grinnell, U.S.A.), A. FJELL- 
BERG (Tromso, Norway), M. M. Gama F. Assatryo (Coimbra, Portugal) and R. J. Sxtper (East 
Lansing, U.S.A.) identified specimens difficult to determine. The total body length, excluding an- 
tennae, of each individual was measured in mm (+ 0.15 mm). The length of curved specimens was 
estimated as if the body were straight. Since ethanol fixation of Isotoma viridis BOURLET causes a 
21.1?, extension of body length (MERTENS pers. comm.), all measurements were corrected to the 
length of the live individual. All other species are thus caleulated at this maximum length, although 
extension varies with species and fixative (Merrens et al. 1982, pers. comm.). In each species the 
size classes (1—10) were determined by the difference between the largest and smallest individuals 
seen divided bv ten, and the proportion of specimens in each size class was used as an indirect measure 
of field population growth for life history determination (Hruta & MrkKoxEN 1982). The separa- 
tion of generations is not as easily discernible in a horizontal polvmodal frequency distribution as 
in a vertical table displaving the numbers of each size class at different times (STRAALEN in press). 
In such a table, considerable changes in the numbers of a size class over time indicate new genera- 
tions. 

Laboratory cultures were maintained at 10, 15 and 20 °C of some more common species: Hypo- 
gastrura denticulata (BAGNALL) complex, Onychiurus psendoarmatus Forsow, Profsotoma minuta 
(TerLBERG), I. viridis, Orchesella ainslei Fotsom, Entomobrya gisini CHRISTIANSEN, Lepidoeyrius 
violaceus Focreroy and Tomocerus flavescens TULLBERG. The minimum and maximum size of each 
species were noted, 


3. Results 


3.1. General phenology 


Information on each collembolan species about life form, habitat, size range of the species, 
the number of generations per year, the months with young appearing, winter-activity, and 
the overwintering size classes is given in Table 1. Additional knowledge on the same species 
from the literature is noted. 

For the twelve arthropleone species in which it was possible to determine the number of 
generations per year, five species — Hypogastrura sp.. I. viridis, Folsomia elongata (Mac 
GILLIVRAY), Entomobrya gisini CHRISTIANSEN, and Tomocerus flavescens — were bivoltine 
(41.7°,), O. ainslei had two to three generations per year (8.25°,); Isotomurus palustroides 
Fotsom and Entomobrya purpurascens (PAcKARD) had three generations per year (16.7°,), 
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Table 1. Information on the life histories of various species of Collembola 


Species 


Hypogastruridae 


1) Hypogastrura denticulata 
(BAGNALL) complex 


2) Xenylla sp., poss. louisiana GAMA 
3) Neanura muscorum TEMPLETON 


Onychiuridae 
4) Onychiurus pseudoarmalus Vousom 


Isotomidae 
b) Proisoloma clavipila AXELSON 


6) Proisoloma minuta (TULLBERG) 


7) Folsomia elongata (MacGiLuivray) 


8) Folsomia fimelaria (L) s. l. 


9) Folsomia nivalis (PAoKanD) 


Life form 


hem 


hem 


hem 
hem 


ep 


eu? 


hem-eu 


hem 


hem 


eu 


eu 


eu 


Habitat 


———— ee 


meadow, 
wood 


meadow 


wood 


litter, 
upper soil 


meadow 


wood 


wood, 
meadow 


wood, 
meadow 
litter, top 
b em of soil 
wood, 
meadow 


litter, top 
5 em of soil 


Size 
in mm 


0.25—1.45 


0.9 —1.5 


0.5—1.4 
0.66" 
0.3—1.1 
9 


0.38—1.0 


Genera- 
tions/year 


8—5 


3—4 


2 (UK) 
VI, X 


Vill, XI 


Months 
with young 


IV, VII, 
VIL, IX, X 


[V, V, VII, 
IX 


IV. Vi; 
Vil, X 


no? 


Overwinter 
size class 


Winter 
activity 


slight 1—4 


no 


yes 2—b 


0.74 to 
2.07 mm 


no 


Reference 


this study 
this study 


this study 
Gisin 1943 
BELLINGEN 
1954 
LODVARSSON 
1973 
Mitne 1960 


this study 


this study 
this study 
Gisin 1943 
Iluvson 1981 
this study 


Downy 1965 
this study 


Gisin 1943 
Dowpy 1943 


PERSSON 
& Loum 1977 


this study 


10) Isolomurus palustroides Vousom 
11) Isotoma blufusata PIRLLBERG 
12) Tsotoma fennica Ruuter 


13) Isoloma manitobae FIKLERERG 


14) Isotoma notabilis Scuxerkn 


15) [soloma sp. (propinqua Axer- 
SON gr.) 


16) Jsoloma quadra CHRISTIANSEN 
& BELLINGER 


17) [sotoma subviridis FOLSOM gr. 


18) Isoloma viridis BOURLET gr, s.l. 


60F 


hem 
hem 
hem 
hem 


eu 
eu 


hem 
hem 
hem 


hem 


ep-hem 


wood, 041—1.81 38 IV, VII, 
meadow IX 
meadow, 1.0—1.24 

ecotone 

litter 0.83* 


wood, litter 0.83—1.0 


meadow 


forest humus, 
top 3 em 


of soil 
1(N) VI-VH 
2 (n 8) VI-VIT 
3 (8) LE, VI, VIT 
4(DK) 
litter 
wood 
meadow, 
litter 
meadow, 0.4—3.84 2 V,X 
wood 


litter, top 
3 em of soil, 
tree trunks 


1(N) 


2(UK, NL) autumn, yes 
spring 


yeu 


this study 
this study 


this study 
FJELBERG 1979 


this study 


this study 
BODVARSSEN 
1973 
PETERSEN 1980 
FJELLBERG 1975 
AcRELL 1941 
BÓDVARSSEN 
1973 
ITAarLov 1960 


this study 
this study 
this study 


this study 


GisiN 1943 
Weis-FoGu 1948 
HaAnLov 1960 
Minne 1962 
Downy 1965 
BODVARSSEN 
1973 
PERSSON 
& Loum 1977 
FJELLBERG 1975 


MILNE 1962 
Joosse 1969 
Usukn 1970 
Hutson 1981 


OF 


Table 1 Continued. 


Species 


Entomobryidae 


19) Orehesella ainslei Forsow 


20) Orchesella sp. 


Life form 


Habitat. 


NENNEN C——R mme ee E Ed 


Size in mm 


ep 


21) Entomobrya confusa CHRISTIANSEN — ep 


32) Entomobrya gisini CHRISTIANSEN ep 


23) Entomobrya nivalis (L.) 


hem 
hem 


24) Entomobrya purpurascens (Packard) hem 


25) Lepidocyrtus violaceus Fourcroy hem 

26) Pseudosinella violenta (Worsow) 

27) Tomocerus flavescens TULLBERG ep 
liem 


ep-hem 


0.5 —2.18 
2.18 


meadow, 
wood 
litter, top 
b em of soil 


meadow, 0.5—2.8 
wood 

litter 

wood, O.41—1.71 
meadow 


litter, top 5 em of soil 


wood, 0.25—1.94 
meadow 

1.0* 
wood, 0.5 —3.65 
meadow 


litter, humus 


Genera- 
tions/year 


2—3 


Winter 
activity 


Months 
with young 


Overwinter 
size class 


V, VI,IX yes 


V, VII, IX. yes 


VIL (CH) 


VI, X (NL) 
V, VIE, IX no 


IV, VI, VII, yes 
IX 
VI no? 


IV, VL yes 
VII 


1 (8, US, DK) 


1—2 (SF) 


1—8 


0.75 to 
1.65 mm 


1—4 


juveniles 


—— —— 


Reference 


this study 


Downy 1965 
this study 
this study 
this study 


this study 
ALLMEN 

& Zvrrven 1982 
Joossk 1969 


this study 


Downy 1965 
this study 


this study 
this study 


GisiN 1943 
BeLLINGER 1954 
Knicur 1963 
AankLL 1941 
BELLINGER 1954 
Prerersen 1980 
Hunta & Mik- 
KONEN 1982 


The abbreviations are: ep = epedaphie, hem = hemiedaphic, en = eudaphie; CH = Switzerland, DK = Denmark, N — Norway, NL = The Netherlands, 
Finland, UK = United Kingdom and US = United States, The asterisk represents only a few specimens. 


S = Sweden, SI = 


and another four species, H. denticulata, O. pseudoarmatus, P. minuta and L. violaceus, had 
three to four (33.395). Seven winter-active species had a mean of 2.64 generations per year, 
while the four winter-inactive species had a mean of 3.0. If an individual overwintered, its 
life history could last for up to ten months, but most other individuals probably only live 
about three months. 


3.2. Population density and activity 


Each species in the three families is discussed in the section below. First the population 
densities are considered and then the activity indices. Density is the number of animals per 
m? at a given time, and activity refers to locomotion and may be defined by an activity 
index (Al), all in the same time period (WitH & Joosse 1971), where 


_ . the number of animals in traps 
~ population density from soil samples 


Hypogastruridae: H. denticulata fluctuated widely in numbers, being most numerous 
in the meadow. Recruitment was indicated in April and May, early July and late September- 
early October (Fig. 2a), as concluded from the data in Table 2. The high numbers found 
in January, October and November are probably caused by the hatching of eggs in the ex- 
traetion funnels, since many small individuals were extracted. The highest AI oceurred 
between August and October (Fig. 2a). Also the tendeney to aggregate may have biased the 
results in estimating seasonal density. 

Onychiuridae: O. pseudoarmatus had low numbers in March, August and December 
and peaks in May, October to November in the meadow, suggestive of recruitment of juve- 


a) H. denticulata 
2400 3384 4264 3528-3904 * 


b) Q. pseudoarmatus 
1328 2184 


DENSITY PER M? 


600 


MONTHS 


Fig. 2. The seasonal population densities per m? in the wood (dashed line) and the meadow (solid 
line), and activity indices (AI; dotted line), showing relative seasonal activity, for a) H. denticulata 
and b) O. pseudoarmatus over one year. The asterisks represent young hatched in the extraction 
funnels. 
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Table 2. The seasonal frequency distribution of size classes of H. denticulata over a period of 19 months 
(50 sampling units) 


Date Size dass — — — 5 — 0 0 0 
1 2 3 4 5 6 7 8 
16 IV 1980 2 1 
30 IV 
14 V 1 2 1 
38 V 3 1 
11 VI | 2 
25 VI 8 23 6 1 2 
24 VII 2 6 10 E 9 
20 VIII d3 — 51 56 | 9 35 5 3 | 1 
4IX 38 ] 19 74 Is | 33 6 t 
17 LX 59 147 105 | 8 11 l6 | 
ix 5 22 12 4 10 1 1 
15 X 1 5 14 3 3 3 1 
29 X 6 3 1 
XI 1 5 2 
XH (7) 4(16) (1) 
I 1981 1 
II 
III 1 
8IV 17 99 8s 17 17 5 
23 IV 16 81 64 14 34 9 2 
6 V 31 63 37 10 24 6 1 
20V 25 35 18 2 3 
8 VI 18 51 51 14 27 5 4 
i» VI 17 146 279 102 215 33 | 9 
2 VII 92 350 215 51 285 51 5 
14 VII 6IU 7 214 66 145 4G 6 
27 VII 112 133 | 98 34 79 22 2 1 
4IX 46 189 356 18 143 26 3 1 
16 IX 28 68 79 17 39 13 2 
28 IX JU; 236 374 18 142 21 | 1 
i? X 65 120 109 49 19 22 2 
28 X 127 | 135 29 3 2 


Note: Stepwise lines delinate generations. blanks indicate zeroes, and numbers in parentheses indi- 
cate specimens extracted from litter and the others specimens from pitfall catches. Size class 1 begins 
at 0.25 mm, and each class adds another 0.15 mm. 


niles (Fig. 2b), while Table 3 suggests further recruitment. The highest AI were in July and 
August. This species also aggregates. 

Isotomidae: P. minuta showed low densities in April and August and high densities 
in March, June and July, and September—October. The peak in March is possibly caused 
by hatching of eggs. Recruitment of juveniles appears to occur in June—July and September 
to October (Fig. 3a and Table 4), although the table indicates one or two more periods of 
recruitment. Individuals of this species aggregate. The highest AI occurred in August. 

Folsomia fimetaria (LiNNAEUS) from the meadow exhibited a small peak in May and a 
high one in November, suggestive of recruitment twice a year, April and October. Possibly 
this species occurs in aggregations (Fig. 3b). It always had an AI of zero, indicating a seden- 
tary life style. 

I. viridis had peaks in density February and March (probably from hatched eggs), June 
and a small one in November, suggesting recruitment in April—May and November and 
corroborated by Table 6 (Fig. 3c). The AI were high in January, May, and July—August. 

Entomobryidae: O. ainslei from the meadow exhibited low population densities in 
January, June and October and high ones in February to May and August, suggesting 
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Table 3. The seasonal frequency distribution of size classes of O. pseudoarmatus over a period of 
19 months (50 sampling units) 


Date Size class 


I 
II 3 
II 1 


15 IV 3 6 8 
30 IV | 
WV ĉe 1 
30 V 

1 


15 VI H | 

30 VI 8 2 18 

15 VII 4 6 
5 


wore 
m 


30 VII a 5 2 
15 VIII 
30 VIII 


"T" 
POH Sow or 
H ROR RRB e 


Note: Stepwise lines delineate generations, blanks indicate zeroes. Size class 1 begins at 0.50 mm, and 
each class adds another 0.13 mm. 


Table 4. The seasonal frequency distribution of size classes of P. minuta over a period of 12 months 
(32 sampling units) 


Date Size class 
1 3 3 4 5 6 7 8 
IX 1980 2 14 33 21 | 3 
XII 1 1 3 3 
I 1981 
II 1 1 
III 2 2 1 2 
8 IV 3 2 4 
23 IV 2 | 2 6 10 2 
6 V 3 Öğ 16 10 1 
20 V 1 4 9 3 
E 1 2 
1 6 9 


we 
— 
o be 
5 


£D BL OD He -P9&odu- 
— 
de 
I 

e ~s 


lor IO 


Note: Step-wise lines delineate generations, blanks indicate zeroes. Size class 1 begins at 0.3 mm, 
and each class adds another 0.1 mm. 
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a) P minuta 


800 


400 


b) E fimetaria 
320 


160 


DENSITY PER M? 


MONTHS 


Fig. 3. The seasonal population densities per m? in the wood (dashedl ine) and in the meadow (solid 
line), and activity indices (AI) (dotted line) for (a) P. minuta, (b) F. fimetaria and (c) I. viridis over 
one year. The asterisks represent young hatched in the extraction funnels. 


Table 5. The seasonal frequency distribution of size classes of J. palustroides over a period of 19 months 
(50 sampling units) 


Date Size class 
1 


Ww 
oo 
I 
o 
c 
-1 
ao 


Note: Stepwise lines delineate generations, and blanks indicate zeroes. Size class 1 starts at 0.41 mm, 
and each class adds another 0.24 mm. 
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Table 6. The seasonal frequency distribution of size classes of I. viridis over a period of 19 months 
(50 sampling units) 


Date Size class 
1 2 3 4 5 6 7 8 
I 1980 
II 1 
III 2 
16 IV 2 1 
30 IV 14 | 4 4 1 5 
14 V 1 6 | 1 3 
28 V 5 2 2 1 
11 VI 5 1 T 
35 VI | 2 1 
24 VII 1 8 | T 1 
20 VIII 2 4 4 
4 IX 1 10 10 1 Li 
17 IX 1 9 2 1 
: MEN d |. 
15 X 3 4 3 6 
29 X 1 4 3 
XI 1 1 3 
XII (1) 1 (8) (1) 10 (1) 4 (1) 
I 1981 2 2 1 3 
II 3 2 3 
III 1 2 
8 IV 1 2 2 2 
23 IV 1 6 1 8 
6V 6 n 1 1 mi | 2 
20 V 1 1 3 7 3 1 
2 VI 1 1 3 1 
17 VI 5 Il s å 1 
9 VII 1 13 19 6 2 1 
14 VII 2 9 30 19 8 1 
27 VII 2 10 7 5 1 
41X 2 5 5 1 1 
16 IX 3 I0 | 
28 IX 1 12 10 | 
12 X 3 9 1 | 
29 X: 1 2 9 2 


Note: Step-wise lines delineate generations, blanks indicate zeroes, and numbers in parentheses indi- 
cate extracted specimens. Size class 1 starts at 0.40 mm, and each class adds another 0.43 mm. In 
XI 1980 and in II 1981 individuals were seen on snow. 


recruitment in April—May and August (Fig. 4a), while Table 7 suggests another recruitment 
period in mid-June. The AI rose in May, to a high in July—August, followed by a decrease 
in September and another high (2.38) in October in the wood (Fig. 4a). 

L. violaceus from the wood had low densities in January, March and October and high 
ones in February (probably from egg hatch), April and December (from egg hatch), while 
in the meadow recruitment was indicated in April (Fig. +b); Table 8 shows recruitment in 
July as well. The Alincrease from May to a maximum in August (2.13); otherwise they are 
low except for minor activity in January and November (AI — 0.13 in both instances). 


3.3. Seasonal changes in vertical distribution 


Core samples were extracted to determine if seasonal variation in vertical distribution 
occurs. The low number of cores (two per habitat per month) probably underestimates some 
populations, especially in those species which aggregate. The percentage of those species in 
the lower layer (2.5—95 em) of soil are presented in Figure 5. 


A15 


a) Q ainslei 
F - 


300 


DENSITY PER M? 


AI 


MONTHS 
Fig. 4. The seasonal population densities per m? in the wood (dashed line) and in the meadow (solid 


line), and the activity indices (AI) (dotted line) for (a) O. ainslei and (b) L. violaceus over one year. 
The asterisks represent young hatched in the extraction funnels. 


D) 
100 


H. denticulata 


PERCENTAGE IN LOWER LAYER 
. 8 
o o 
w 
E og 
x 
3 
iu 
E x 
iw 
c 
wn 
z 
Ss 
o o o 
[2] & 
5. 
iun 
E x 
= 
c 
[^7] 
z 


1980 -1981 
Fig. 5. The percentages of (A) H. denticulata, (B) O. pseudoarmatus, (C) P. minuta, (D) F. fimetaria, 


(E) O. ainslei and (F) L. violaceus collected each month in the lower soil layer. The dashed line 
represents the percentages in the wood, and the solid one those in the meadow. 


416 


Table 7. The seasonal frequency distribution of size classes of O. ainslei over a period of 19 months 


50 sampling units) 


Date Size class 
1 2 3 4 5 6 8 
I 1980 2 4 5 1 
II 3 3 
II 1 4 5 7 2 
16 IV 3 8 13 | 20 10 5 
30 IV 10 9 56 17 5 
l4 V 11 25 55 34 11 
28 V 2 7 14 6 4 1 
11 VI 1 2 7 34 12 7 
25 VI 3 5 10 59 24 12 
24 VII 7 13 28 39 19 5 
20 VIII 6 10 17 39 12 5 
4IX 3 18 40 49 15 2 
17 IX g 9 49 40 56 11 5 
1X 5 9 7 16 
15 X T Tl 6 19 4 2 
29 X 3 6 1 2 2 2 
XI 1 1 1 1 
XII 3 6 11 16 4 4 
11981 1 2 8 14 6 1 
II 2 13 14 13 6 3 
III 1 7 6 6 2 1 
8 IV 1 7 5 13 11 2 1 
38 IV 1 10 9 49 | 18 6 
6 V L —.30 33 | 10 X 70 41 | 2 
20 V 16 42 154 76 34 
3 VI 6 18 21 14 
17 VI 6 3 5 77 39 21 
2 VII 25 | 16 9 27 23 13 
14 VII 117 214 103 96 50 21 
27 VII 105 341 196 169 31 17 1 
4 IX 11 26 — 41 25 2 3 1 
16 IX IE “45 37 27 4 3 
28 IX 5 38 28 29 2 
12 X 8 7 8 
29 X 3 4 7 7 


Note: Step-wise lines delineate generations, and blanks indicate zeroes. Size class 1 begins at 0.50 mm 
and each class adds another 0.21 mm. 


Hypogastruridae: In the meadow the hemiedaphie species, E. denticulata, was found 
in the lower soil layer in all months except March, April and June. The September samples 
contained no specimens of this species. Generally small juveniles were encountered: in Fe- 
bruary all representatives of this species were found in the lower soil layer (Fig. 5a). 

Onychiuridae: Again in the meadow the eudedaphie species, O. pseudoarmatus, oc- 
curred in the lower layer all months except January and March, although a high proportion 
of individuals were found in the cooler months of September through December and in 
February (Fig. 5b). This species probably is always in the lower layer; the small number of 
samples and the species’ aggregation probably resulted in no specimens being found in some 
months. 

Isotomidae: The hemi-euedaphie species, P. minuta, was in the lower layer of the 
meadow in April—May, July—September and November (Fig. 5c). Euedaphie F. fimetaria 
was found in the lower layer of meadow soil from April to November. None were collected 
in May or August. These exceptions probably are due to the number of samples (Fig. 5 d). 
The small euedaphie species, Folsomia nivalis (PAcKARD), was encountered once in the lower 
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Table 8. The seasonal frequency distribution of size classes of L. violaceus over a period of 19 months 
(50 sampling units) 


Date Size class 
1 2 3 4 5 6 7 8 
I—III 1980 
16 IV 
30 IV | m 3 
14 V i 4 1 1 
28 V 1 
Ti VI 1 12 8 7 
25 XI 1 4 1 
24 VII 1 2 
20 VIII E 1 1 
4IX ME 1 7 1 
17 IX 1 93 2 2 1 
lw 1 2 1 1 
15 X 2 1 
29 X 2 2 2 
XI 6 1 1 
XII (16) (82 (41) 2 (12) 
11981 1 1 1 
Il 3 9 8 2 
II 1 13 2 
8 IV 4 1 
23 IV 2 3 2 
6V t =u f a 1 
20V 14 38 29 2 
3 VI 1 1 8 1 1 
1; VI 3 10 28 D 
2 VH | 8 7 20 8 
14 VII I 63 82 48 | 9 1 
21 VII 9 90 118 . 2 6 
4IX 1 8 21 5 
16 IX 5 32 11 3 
38 IX 13 11 1 
19 X 1 10 11 5 
29 X 1 9 4 


Note: Step-wise lines delineate generations, blanks indicate zeroes, and numbers in parentheses indi- 
cate extracted specimens. Size class 1 begins at 0.25 mm, and each class adds another 0.21 mm. 


layer of the meadow soil in December, as was the small euedaphic Zsotoma notabilis SCHAF- 
FER. J. viridis, a large hemiedaphic species, was never found in the lower laver of the meadow 
soil. 

Entomobryidae: One small juvenile of O. ainslei, a medium-sized ep-hemiedaphic 
collembolan, was seen in the lower soil layer in June (Fig. be). L. violaceus, a smaller hemi- 
edaphic species, was never found in the lower layer of meadow soil, while a few individuals 
were collected at that level in the wood in January and also in March (Fig. 51). Possibly 
there is some downwards migration by a few juveniles of these species during environmental 
extremes. 


4. Discussion 


4.1. General phenology 


The climate of Manitoba does not prolong collembolan life cycles, although it does in 
spiders. The life histories of collembolans are like those of southern England and mid-Europe. 
By contrast, the duration of spider life histories in Manitoba is similar to that in northern 
Sweden (Arrcnisox in press). The variation in the number of generations per year was shown 
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Table 9. The seasonal frequency distribution of size classes of T. flavescens over a period of 19 months 
(50 sampling units). 


Date Size class 
1 2 3 4 5 6 7 8 
I 1980 1 1 3 
II 3 
III 1 2 a! 
16 IV . 1 2 11 
30 IV 1 8 | 13 10 6 3 1 
14 V 1 36 16 8 
28 V 1 8 7 1 
11 VI 1 4 2 5 
25 VI 1 2 3 2 
24 VII 1 3 2 
20 VIII | 4 1 
4 IX 2 1 2 7 7 8 2 
17 IX 1 1 1 8 1 6 4 2 
1X 4 9 7 1 
la X 2 14 15 14 6 
29 X 2 6 9 3 1 
AI 1 il 10 5 6 1 
XII 3 4 7 
11981 1 2 
II 1 
Ill 
8 IV 2 
23 IV 5 1 1 2 
6 V 1 6 3 5 3 3 1 
90 V 12 7 | 3 
3 VI 1 6 5 3 2 i 
17 VI 3 6 6 
2 VII 4 | 4 4 3 
14 VII 1 10 9 17 30 10 1 
27 VII 2 11 11 47 33 | 3 1 
4 IX 1 2 4 21 27 21 
16 IX 2 2 5 E _ id 12 
28 IX 1 4 4 7 19 37 37 
12 X 2 5 2 12 30 24 
99 X 1 8 15 13 16 18 


Note: Step-wise lines delineate generations, and blanks indicate zeroes. Size class 1 begins at 
0.50 mm, and each class adds another 0.35 mm. Dashed lines indicate the time when larger indivi- 
duals probably move to the soil surface in response to low temperatures. 


in Folsomia quadrioculata (Tctis.) (with two generations per year in Lapland and northern 
England (AcnELL 1941, User 1970). and three to four in Denmark and Sweden (HaaRLOvY 
1960, Bópvanssox 1973), and latitudinal gradation in Z. notabilis (two generations per year 
in Lapland (XoRELL 1941), three in Sweden (BUpvarsson 1973) and four in Denmark 
(HaaRLov 1960). In all examples these species reproduce whenever conditions permit, with 
periodicity governed by the ‘livsrvthm’ of each species (AcRELL 1940). Thus the widely- 
fluctuating climatic extremes of Manitoba are not detrimental to the collembolans with 
respect to conditions for development, with an ameliorated microclimate under the snow 
cover. This is apparent in the number of bivoltine species (five) as compared to the number 
of multivoltine species (eight), which would be expected in areas with optimal reproductive 
conditions. 

The number of generations per year in the genera or species from southern England, the 
lowland countries or Japan agree well with those of Manitoban species, as seen in F. denti- 
culata [Hate 1965]. I. viridis [Mizxg 1962, Joosse 1969, User 1970, Hutson 1981, MER- 
TENS pers. comn.], Orchesella spp. [Joosse 1969, MERTENS et al. 1982, STRAALEN in press] 


419 


Entomobrya spp. [Joosse 1969], and Tomocerus spp. [JoossE 1969, TAKEDA 1979, STRAALEN 
in press]. 

Probably many collembolans from Manitoba can develop at low temperatures, especially 
P. minuta whose juveniles first appear in early April, just as snow melts and before any 
juveniles of other species are found. Eggs of this species hatched at 2 °C in the laboratory, 
and a few specimens moulted at —2 °C. Developmental thresholds between 0 and 5 ^C have 
been documented for H. denticulata [Tuigavp 1970], Onychiurus procampatus Gisix [HALE 
1965]. I. notabilis [Suarma & Kevan 1963]. I. viridis [Hate 1965], Orchesella cincta (L.) 
[Joosse & VeLTKamP 1970), Entomobrya nivalis (L.) [ALLMEN & ZETTEL 1983] and Tomo- 
cerus minor (LUBB.) [Hare 1963, Joosse & VELTKaMP 1970]. 

Generally reproduction of collembolans occurs either in spring or in autumn (MILNE 1962, 
Havre 1965, HEaLEY 1967. Joosse 1969, PERssox & Loum 1977, Hutson 1981, MERTENS 
et al. 1982, STRAALEN in press), and in multivoltine populations summer reproduction is 
also recorded (HaaAnLov 1960, Takena 1979). In Manitoba, spring and autumn reproduction 
were commonly seen, sometimes with a further one to two generations appearing in the 
summer. 

Perhaps a minor change in technique would have increased the number of collembolans. 
The use of small pitfall traps ( 2 14 mm) collected more newly-hatched individuals of J, viridis 
in early spring than did larger traps ( Z 10 em) (MERTENS pers. comm.). Certainly the small 
size classes seemed to be underrepresented in the pitfall catch. 

Many researchers have noted all size classes, or in particular subadults, overwintering 
(AGRELL 1940, HaarLov 1960, KxicuT 1963, Joosse 1969, AppisoN 1977 and 1981, Ait- 
chison 1979, ALLMEN & ZETTEL 1982, BLock 1982). In central, southern Canada the majority 
of winter-active springtails and specimens extracted from quadrat samples were subadults; 
few large adults were collected over the winter period. 

The duration of the life history of Manitoban collembolans is approximately two to ten 
months, depending on the month in which eggs hatch, as found by CnunisTIANSEN (1964) 
and by WiLraAmD (1973). Those individuals which hatch in the autumn have an extended 
juvenile period throughout the winter. Also small species, such as P. minuta, have extremely 
short life cycles. These estimates. from two to ten months, include those suggested elsewhere 
of three to six months (HaanLov 1960, Hare 1965, Joosse 1969). 


4.2. Population density and activity 


Populations of all species of collembolans are highest from April to November after recruit- 
ment has occurred (Weis-FoGu 1948, Hare 1965, Joosse 1969, Usner 1970, FJELLBERG 
1975, Nusima 1975, Persson & Loum 1977, Hutson 1981, MERTENS et al. 1982). This was 
confirmed in this study. High numbers of Collembola in temperate regions appear in spring 
and late summer (Drirr 1951), also producing high autumn numbers (Haartov 1960). In 
Manitoba maximum numbers occurred in spring, summer and autumn. However some species 
exhibited high population peaks in midwinter which seemed anomalous, as in I. notabilis 
and Lepidocyrtus lanuginosus (GMELIN) of Sweden in February (Bópnvanssox 1973). LEINAAS 
(1983) and MERTENS (pers. comm.) have noted high densities of Lepidocyrtus lignorum (FABR.) 
and J. viridis respectively in midwinter, probably due to the hatching of overwintering eggs 
in the extraction funnels. In this study there were extremely high figures for winter densities 
noted in December and January for H. denticulata (Fig. 2a), in March for P. minuta (Fig. 3a), 
in February for I. viridis (Fig. 3c) and in December for L. violaceus (Fig. 4b), compared to 
figures for the rest of the winter. Hatching of eggs is suspected because of the large number 
of small juveniles present at those times. Increased extraction efficiency from frozen soils 
was noted by several researchers (HEALEY 1967, PERssox & Loum 1977, Lernaas 1978) 
and may partially explain the higher numbers from winter samples. 

Winter densities often decrease by half, especially from mortality of adults (Joosse 
1969), and certainly specimens of only a few overwintering species were larger than size 
class 8. 
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The activity index (AI) was low during winter, or nonexistent in species with little or no 
winter activity, compared to winter-active J. viridis and L. violaceus with AIs of 0.31 and 
0.13 respectively in January. In spring and autumn prior to recruitment of the next cohorts 
when densities were low, the AI was generally high (JoossE 1969), probably a result of repro- 
ductive activity by the adults (Figs. 2, 3a and c). For many species, the activity indices 
were greatest when densities were the lowest (Figs. 2, 3a and c, 4), while at times of peaks 
in density the indices were low. 

Winter activity, on or under snow, has been noted in Hypogastrura nivicola Frrcu [BEr- 
LINGER 1954]. and H. socialis (UZEL) [MacNamara 1924, Lerxaas 1983], O. pseudoarmatus, 
Isotoma blufusata FJELLBERG and Isotoma manitobae FJELLBERG [ArrcHison 1979], Isofo- 
murus palustris (MÜLLER) (Joosse 1969), Isotoma fennica REUTER (FJELLBERG 1979], Iso- 
toma hiemalis Scuörr [ZerreL 1983], Isotoma saltans (NıcoreT) [SCHALLER 1962], I. viridis 
[Joosse 1969, Arrcmisow 1979], O. ainslei, L. violaceus, and Tomocerus flavescens TULL- 
BERG (AITCHISON 1979), I. minor (UsHER 1970) and Entomobrya multifasciata (TULLB.) 
[PERsson pers. comm.], previously called E. nivalis (L.) [Persson & Lon{ 1977). Eight of 
these fifteen species occur in Manitoba. This study documents winter activity of four more 
species, indicating that a variety of species exhibit winter activity. 


4.3. Seasonal changes in vertical distribution 


Downward migration by collembolans of small sizes, whether small euedaphic species 
or juveniles of hemiedaphic species, happens in response to environmental extremes of tem- 
perature and humidity (XcnELL 1941. Drirr 1951, Mirne 1962, KACZMAREK 1963. SHARMA 
& Kevan 1962, User 1970, Persson & Lona 1977). The eudedaphic species, O. pseudo- 
armatus, F. minuta and F. fimetaria, were commonly found in the bottom of the core sample 
(2.5—5 em deep), while the hemiedaphie species such as J. viridis, O. ainslei and L. violaceus 
were never or rarely found at that depth. There was only slight downward migration by 
juveniles of O. ainslei and L. violaceus in periods of very low temperatures. 

By contrast some of the entomobryids, E. gisini in particular. migrate up into tall bushes 
during summer months. while O. ainslei and T. flavescens are often seen on tall grasses. The 
association of Orchesella flavescens (Bourt.), Entomobrya marginata (TuLis.) and E. nivalis 
with trees and other large plants is well known (Grsty 1943, ALLMEN & ZETTEL 1982, Huta 
& MikKONEN 1982, Mertens ef al. 1982). 

Comparison of these findings and those of other researchers generally agree on where 
species are usually found (Grsty 1943, Wets-Focu 1948, Drirr 1951, HaaRLov 1960, KNIGHT 
1963, Dowpv 1965, BOpvarsson 1973, PETERSEN 1980). The sites in which species over- 
winter appear to be those layers where they are found in frost-free months. with the exception 
of some downward migration by small juveniles during periods of environmental extremes; 
these findings corroborate those of Drirr (1951) and Dowpv (1965) who documented that 
most collembolans overwinter in the litter near the soil surface. 
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Synopsis: Original scientifie paper 
Arrcutson, C. W., 1954. The phenology of Collembola from South Central Canada. Pedobiologia 27, 

405—423. 

Despite the severe continental climate of south central Canada, the eleven species of collembolans 
had a mean of 2.91 generations per year, with no winter growth or recruitment seen. The duration 
of life history ranged between two and ten months. Twelve of twenty-seven species are known to be 
winter-active. Population densities varied seasonally; recruitment usually occurred in spring, summer 
and autumn. Activity indices were highest in periods of lowest population densities, just prior to 
recruitment. The highest activity indices during winter were seen in the winter-active species, while 
the lowest values were found in the euedaphie species. Collembolans usually overwintered in the 
same layers in which they were found in frost-free months, with some downward migration by juve- 
niles of some hemiedaphic species. 

Key words: phenology, life cycle, life history, Collembola, springtail, winter-active, winter, Manitoba 
Canada. 


